Title of the Invention 

Vinyl Compound and Cured Product thereof 

Field of the Invention 
5 [0001] The present invention relates to anovel vinyl compound, 
a curable resin composition containing the above compound and 
cured products of these. More specifically, according to the 
vinyl compound of the present invention, there can be provided 
a polymer material which can give a cured product excellent 

10 in heat resistance and dielectric characteristics by 

polymerizing the vinyl compound itself or copolymerizing the 
vinyl compound and a different unsaturated compound. 
[0002] Further, it can be used, as a material which is 
thermally and electrically excellent and can be cured by heat 

15 or light, for wide uses such as a resin for a resist, a sealing 
resin for a liquid-crystal display panel, a resin for a color 
filter of a liquid crystal, a UV coating composition, various 
coating agents, an adhesive, a buildup laminate material, and 
the like. 

20 

Background of the Invention 

[0003] Conventionally, vinyl compounds are widely used as 
a raw material for various functional polymer materials such 
as a photosensitive material, an optical material, a dental 

25 material, an electronic material and crosslinking agents for 
various polymers. However, since higher performances are 
required in these application fields in recent years, physical 
properties required as a functional polymer material become 
severer increasingly. As such physical properties, for example, 

30 heat resistance/ weather resistance, chemical resistance, low 
moisture absorptivity, high refractive index, high fracture 
toughness, low dielectric constant and low dielectric loss 
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tangent are required. Until now, these required physical 
properties have not been completely satisfied. 

Summary of the Invention 
5 [0004] It is an object of the present invention to provide 
a novel vinyl compound and a curable resin composition each 
of which is curable by heat or light, and gives a cured product 
having excellent heat resistance and having a low dielectric 
constant and a low dielectric loss tangent. 
10 [0005] The present invention relates to a vinyl compound of 
the formula (1) / 
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wherein Ri, Rz, R3, R4/ Rsr Re and R7 may be the same 
or different and are a hydrogen atom, a halogen atom, an alkyl 
group, a halogenated alkyl group or a phenyl group, -(0-X-O)- 
is represented by the formula (2) or the formula (3) (in which 
5 Rs, Rs/ Rioy Ri4/ Ri5/ R16/ Ri7/ R22 and R23 may be the same or different 
and are a halogen atom, an alkyl group having 1 to 6 carbon 
atoms or a phenyl group, Rn, Rizr R13/ Rie^ Ri9f R20 and R21 may 
be the same or different and are a hydrogen atom, a halogen 
atom, an alkyl group having 1 to 6 carbon atoms or a phenyl 

10 group, and and A is a linear or cyclic hydrocarbon which has 
1 to 20 carbon atoms and which may have a substituent) , - (Y-O) - 
is an arrangement of one kind of structure defined by the formula 
(4) or a random arrangement of at least two kinds of structures 
defined by the formula (4) (in which R24 and R25 may be the same 

15 or different and are a halogen atom, an alkyl group having 1 
to 6 carbon atoms or a phenyl group, and R26 and R27 may be the 
same or different and are a hydrogen atom, a halogen atom, an 
alkyl group having 1 to 6 carbon atoms or a phenyl group) , Z 
is an organic group which has at least one carbon atom and which 

20 may contain an oxygen atom, a nitrogen atom, a sulfur atom or 
a halogen atom, each of a and b is an integer of 0 to 300 , provided 
that at least either a or b is not 0, and each of c and d is 
an integer of 0 or 1 . 

[0006] Further, the present invention provides a curable 
25 resin composition containing the vinyl compound of the formula 
(1) and a cured product obtainedby curing the above composition . 

Detailed Description of the Invention 

[0007] The present inventors have synthesized a compound 
30 obtained by introducing a thermosetting functional group to 
a terminal of abifunctional polyphenylene ether oligomer having 
the excellent dielectric characteristics and heat resistance 
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of polyphenylene ether (to be sometimes referred to as ^^PPE" 
hereinafter) (Japanese patent application No. 2002-018508) and 
a compound having thermosetting and photocurable functional 
groups introduced (Japanese patent application No . 2002-038156 
5 and 2002-0557 65) • However, although the compound having a 
thermosetting functional group introduced has excellent low 
dielectric characteristics, it is not photocurable . On the other 
hand, the compound having thermosetting and photocurable 
functional groups introduced is photocurable, while it does 

10 not attain the low dielectric characteristics of a thermosetting 
compound. Thus, thepresent inventors have made diligent studies 
for obtaining a compound having thermosetting and photocurable 
functional groups and having low dielectric characteristics 
equal to those of a thermosetting compound. As a result, the 

15 present inventors have found that a cured product having high 
curability, a low dielectric constant, a low dielectric loss 
tangent and high heat resistance can be obtained by introducing 
a vinyl group into a bi functional PPE oligomer compound of the 
formula (1) in which -(O-X-O)- is represented by the formula 

20 (2) or the formula (3) and -(Y-0)- is an arrangement of one 
kind of structure defined by the formula (4) or a random 
arrangement of at least two kinds of structures defined by the 
formula (4) • Accordingly, the present inventors have completed 
the present invention. 

25 [0008] In the compound of the formula (1), Ri, R2, R3/ R4f 
R5, Re and R? may be the same or different and are a hydrogen 
atom, a halogen atom, an alkyl group, a halogenated alkyl group 
or a phenyl group. -(0-X-O)- is represented by the formula (2) 
or the formula (3) in which Rs, R9/ Rio/ Ri4/ Ris/ R16/ Ri?/ R22 

30 and R23 may be the same or different and are a halogen atom, 
an alkyl group having 1 to 6 carbon atoms or a phenyl group. 
Rii/ Ri2/ Ri3/ Ri3/ Ri9/ R20 and R21 may be the same or different 
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and are a hydrogen atom, a halogen atom, an alkyl group having 
1 to 6 carbon atoms or a phenyl group. A is a linear or cyclic 
hydrocarbon which has 1 to 20 carbon atoms and which may have 
a substituent. The above substituent is preferably an alkyl 
5 group having 1 to 6 carbon atoms. When - (0-X-O) - is represented 
by the formula (3), each of Ri and R2 is preferably an alkyl 
group, a halogenated alkyl group or a phenyl group. - (Y-0) - 
is represented by the formula (4) and is an arrangement of one 
kind of structure defined by the formula (4) or a random 

10 arrangement of at least two kinds of structures defined by the 
formula (4) . R24 and R25 may be the same or different and are 
a halogen atom, an alkyl group having 1 to 6 carbon atoms or 
a phenyl group. R26 and R27 may be the same or different and 
are a hydrogen atom, a halogen atom, an alkyl group having 1 

15 to 6 carbon atoms or a phenyl group. Z is an organic group having 
at least one carbon atom which may contain an oxygen atom, a 
nitrogen atom, a sulfur atom or a halogen atom. Each of a and 
b is an integer of 0 to 300, provided that at least either a 
or b is not 0. Each of c and d is an integer of 0 or 1 , 

20 [0009] Of these, preferred is - (0-X-O) - in which Rs, R9/ Rio/ 
Ri4/ Ri5/ R16/ Ri7/ R22 and R23 are an alkyl group having 1 to 3 
carbon atoms and Rn, R12/ R13/ R18/ Ri9/ R20 and R21 are a hydrogen 
atom or an alkyl group having 1 to 3 carbon atoms . More preferred 
is - (0-X-O) - in which Rs/ R9/ Rio/ Ri4/ Ri5v R16/ Ri?/ R22 and R23 

25 are a methyl group and Rn, R12/ R13/ Ris/ Ri9/ R20 and R21 are a 
hydrogen atom or a methyl group. 

[0010] Preferred is - (-Y-0-) - in which R24 and R25 are an alkyl 
group having 1 to 3 carbon atoms and R26 and R27 are a hydrogen 
atom or an alkyl group having 1 to 3 carbon atoms. 
30 [0011] Particularly preferably, - (0-X-O) - is represented by 
the formula (7) , and -(Y-0)- is represented by the formula (5) 
or the formula (6) . 
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[0012] Z is preferably an organic group which has 1 to 10 
carbon atoms and which may contain an oxygen atom or a sulfur 
atom. More specifically, examples thereof include the following 
groups . 



■0 
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(CH5> 



n 



(CH^)— 0— CH^-^ 
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[0013] The production process of the vinyl compound of the 
formula (1) is not specially limited and the vinyl compound 
of the formula (1) maybe produced by any methods. For example, 
it can be obtained by reacting a compound represented by the 
formula (8) with chloromethylstyrene in the presence of an 
alkaline catalyst such as sodium hydroxide, potassium carbonate 
or sodium ethoxide and optionally in the presence of a phase 
transfer catalyst such as benzyltri-n-butylammonium bromide 
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or 1 8-crown- 6-ether • 
[0014] 

H- CO-Y) a- CO-X-O] - [Y-O] b -H (8) 




(2) 




16 Rl8 R20 R22 



Rl7 Rl9 



(3) 




(4) 



[0015] In the above formulae, Rs to R23 and A in the formula 
5 (2) and formula (3) are as defined in the before-mentioned 
formula (2) and formula (3)^ - (Y-0) - is an arrangement of one 
kind of structure defined by the formula (4) or a random 
arrangement of at least two kinds of structures defined by the 
formula (4) , R24 to R27 are as defined in the before-mentioned 

10 formula (4), and each of a and b is an integer of 0 to 300, 
provided that at least either a or b is not 0. 
[0016] The compound of the formula (8) is produced by, for 
example, the method disclosed in JP-A-2003-12796 or Japanese 
patent application No. 2002^018508 in which a bivalent phenol 

15 and a monovalent phenol are copolymerized. 

[0017] Then, the curable resin composition of the present 
invention will be explained. The above curable resin composition 



7 



contains the before-explained vinyl compound of the present 
invention. It is possible to incorporate a known epoxy resin, 
an oxetane resin, a compound having a polymerizable unsaturated 
group, photopolymerization and/or thermal-polymerization 
5 initiators, a photosensitizer, or the like, into the above resin 
composition. 

[0018] The epoxy resin can be selected from generally known 
epoxy resins . Examples thereof include a bisphenol A type epoxy 
resin, a bisphenol F type epoxy resin, a biphenyl type epoxy 

10 resin, a phenol novolak type epoxy resin, a cresol novolak type 
epoxy resin, a xylene novolak type epoxy resin, triglycidyl 
isocyanurate, an alicyclic epoxy resin, a dicyclopentadiene 
novolak type epoxy resin, a biphenyl novolak type epoxy resin 
and epoxy resins having a PPE structure disclosed in Japanese 

15 patent application Nos. 2001-353194 and 2002-018508. These 
epoxy resins may be used alone or in combination. 
[0019] The oxetane resin can be selected from generally known 
oxetane resins. Examples of the oxetane resin include alkyl 
oxetanes such as oxetane, 2-methyloxetane, 2, 2-dimethyloxetane, 

20 3-methyloxetane and 3, 3-dimethyloxetane, 

3-methyl— 3-methoxymethyloxetane, 3, 3' -di (trif luoromethyl) 
perf luorooxetane, 2-chloromethyloxetane, 

3, 3-bis (chrolomethyl) oxetane., OXT-101 (trade name, supplied 
by TOAGOSEI Co., Ltd.) and OXT-121 (trade name, supplied by 
25 TOAGOSEI Co., Ltd.). These oxetane resins may be used alone 
or in combination. 

[0020] When the epoxy resin and/or the oxetane resin are used 
in the curable resin composition of the present invention, an 
epoxy resin curing agent and/or an oxetane resin curing agent 
30 can be used. The epoxy resin curing agent is selected from 
generally known curing agents . Examples of the epoxy resin curing 
agent include imidazole derivatives such as 2-methylimidazole, 



2-ethyl-4-methylimida2ole, 2-phenYl imidazole, 
1 - cyan o e t hy 1 - 2 *-ph eny 1 imi da z ol e ^ 

1- cyanoethyl-2-ethyl-4-methylimidazole, 

2- phenyl-4, 5-dihydroxymethyliiaidazole and 

5 2-phenyl-4-iaethyl-5-hydroxyiaethylimidazole; amine compounds 
such as dicyandiamide, benzyldimethylamine and 
4-methyi-N, N-dimethylbenzylamine; and phosphorus compounds 
such as phosphine compounds and phosphonium compounds. The 
oxetane resin curing agent can be selected from known cationic 

10 polymerization initiators. Commercially available examples 
include SAN-AID SI-60L, SAN-AID SI-80L, SAN-AID SI-IOOL 
(supplied by Sanshin Chemical Industry Co., Ltd.), CI-2064 
(supplied by Nippon Soda Co., Ltd.) , IRGACURE261 (supplied by 
Ciba Specialty Chemicals), ADEKAOPTMER SP-170, ADEKAOPTMER 

15 SP-150, (supplied by Asahi Denka Kogyo K.K.), and CYRACURE 
UVI-6990 (supplied by Union Carbide Corporation) . The cationic 
polymerization initiators can be used as an epoxy resin curing 
agent. These curing agents may be used alone or in combination. 
[0021 ] The compound having a polymer! zable unsaturated group 

20 can be selected from generally known compounds having a 

polymeri zable unsaturated group. Examples thereof include 
vinyl compounds such as ethylene, propylene and styrene, 
(meth) acrylates of monohydric and polyhydric alcohols such as 
methyl (meth) acrylate, 2-hydroxyethyl (meth) acrylate, 

25 2-hydroxypropyl (meth) acrylate, polypropylene glycol 

di (meth) acrylate, trimethylol propane di (meth) acrylate, 
trimethylol propane tri (meth) acrylate, pentaerythritol 
tetra (meth) acrylate and dipentaerythritol hexa (meth) acrylate, 
epoxy (meth) acrylates such as a bisphenol A type epoxy 

30 (meth) acrylate, a bisphenol F type epoxy (meth) acrylate and 
epoxy (meth) acrylates having a PPE structure disclosed in 
Japanese patent application No, 2001-387968 and 2002-038156, 
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(meth) acrylates having a PPE skeleton disclosed in Japanese 
patent application No. 2002-053653 and 2002*055765, and a 
benzocyclobutene resin. These compounds having an unsaturated 
group may be used alone or in combination. 
5 [0022] The photopolymerization initiator can be selected 
from generally known photopolymerization initiators . Examples 

of the photopolymerization initiator include a-diketones such 
as benzyl and diacetyl, acyloin ethers such as benzoyl ethyl 
ether and benzoin isopropyl ether, thioxanthones such as 
10 thioxanthone, 2, 4-diethylthioxanthone and 

2-isopropylthioxanthone/ benzophenones such as benzophenone 
and 4, 4' -bis (dimethylamino) benzophenone, acetophenones such 
as acetophenone, 2,2' -dimethoxy-2-phenylacetophenone and 

p-methoxy acetophenone, and aminoacetophenones such as 
15 2-methyl-l-- [4- (methylthio) phenyl] -2-morpholinopropane~l-on 

e and 

2-benzyl-2-dimethylamino-l- (-4-morpholinophenyl ) -butanone- 
1. These photopolymerization initiators are used alone or in 
combination. 

20 [0023] Further,, the photopolymerization initiator may be 
used in combination with one kind of or at least two kinds of 
known photosensitizer (s) . Examples of the photosensitizer 
include N, N-dimethylaminoethylbenzoate, 
M, N-dimethylaminoisoamylbenzoate, triethanolamine and 

25 triethylamine . 

[0024] The thermal polymerization initiator may be selected 
from generally known thermal polymerization initiators. 
Examples thereof include peroxides such as benzoyl peroxide, 
p-chlorobenzoyl peroxide, di-t-butylperoxide, di isopropyl 

30 peroxy carbonate and di-2-ethylhexylperoxycarbonate, and azo 
compounds such as azobisisobutylonitrile . 

[0025] Further, when the curable resin composition of the 

10 



present invention is produced, there may be added a known 
additive such as an inorganic filler, a color pigment, an 
antifoamer, a surface conditioner, a flame retardant, an 
ultraviolet absorber, an antioxidant, a polymerization 
5 inhibitor or a flow regulator, as required* Examples of the 
inorganic filler include silicas such as natural silica, fused 
silica and amorphous silica, white carbon, titanium white, 
aerosil, alumina, talc, natural mica, synthetic mica, kaolin, 
clay, aluminum hydroxide, barium sulfate, E-glass, A-glass, 
10 C-glass, L-glass, D-glass, S-glass and M-glass G20. The 

thus-obtained curable resin composition is suitable for various 
uses such as a solder resist composition, buildup wiring board 
materials, insulating coatings, adhesives, printing inks and 
coating agents, 

15 [0026] The cured product of the present invention can be 
obtained by curing the curable resin composition of the present 
invention, obtained by the above method, according to a known 
curing method such as a curing method using an electron beam, 
ultraviolet light or heat. When ultraviolet light is used for 

20 the curing, there may be used a low-pressure mercury lamp, an 
intermediate-pressure mercury lamp, a high-pressure mercury 
. lamp, an ultrahigh-pressure mercury lamp, a xenon lamp and a 
metal halide lamp as a light source for ultraviolet light. 

25 Effect of the Invention 

[0027] The vinyl compound of the present invention has a high 
glass transition temperature and gives a cured product having 
a low dielectric constant and a low dielectric loss tangent 
so that it is remarkably useful as a high-functional polymer 

30 material. 

[0028] Further, the vinyl compound of the present invention 
can be cured by heat or light so that it can be used, as a thermally 
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and electrically excellent material, for various uses such as 
various coating agents, UV coating compositions, adhesives, 
resists and buildup laminate materials* 

5 [0029] Examples 

[0030] The present invention will be explained more 
concretely with reference to Examples hereinafter, while the 
present invention shall not be specially limited to these 
Examples* Number average molecular weights and weight average 
10 molecular weights were measured according to the gel permeation 
chromatography (GPC) method. 

[0031] Example 1 

[0032] Synthesis of bifunctional PPE oligomer compound 
15 A longitudinally long reactor having a voliime of 2 

liters and equipped with a stirrer, a thermometer, an 
air-introducing tube and baffleplates was charged with 1.3 g 
(0.012 mol) of CuCl, 70.7 g (0.55 mol) of di-n-butylamine and 
400 g of methyl ethyl ketone. The components were stirred at 

20 a reaction temperature of 40 °C. A solution of 43.2 g (0.16 
mol) of 2, 2' , 3, 3' , 5, 5' -hexamethyl- [1, 1' -biphenyl] -4, 4' -diol 

as a bivalent phenol and 58. 6 g (0.48 mol) of 2, 6-dimehtylphenol 

in 800 g of methyl ethyl ketone was dropwise added to the reactor 

over 120 minutes while carrying out bubbling with 2L/min of 

25 air. After the completion of the addition, stirring was carried 
out for 60 minutes while continuing the bubbling with 2L/min 
of air. A disodiiim dihydrogen ethylenediamine tetraacetate 
aqueous solution was added to the stirred mixture to terminate 
the reaction. Then, washing was carried out with IN hydrochloric 

30 acid aqueous solution and then washing was carried out with 
pure water. The thus-obtained solution was concentrated by an 
evaporator and then dried under reduced pressure, to obtain 

12 
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96.7 g of a resin represented by the formula (8) . The resin 
had a number average molecular weight of 810, a weight average 
molecular weight of 1,105 and a hydroxyl group equivalent of 
475. 

5 

[0033] Synthesis of vinyl compound 

A reactor equipped with a stirrer, a thermometer and 
a reflux tube was charged with 50 g of the above resin, 26 g 
of chloromethylstyrene ( supplied by Tokyo Kasei Kogyo Co. , Ltd.) , 
10 200 g of tetrahydrofuran, 24 g of potassium carbonate and 6 
g of 18-crown-6-ether, and the components were stirred at a 

reaction temperature of 30 *^C. The reaction was traced by a 
NMR measurement and the reaction was terminated after 6-hours 
stirring. The tetrahydrofuran was evaporated and then the 

15 resultant product was diluted with 200 g of toluene and then 
washed with pure water. An organic layer was concentrated and 
thendropwise added to methanol, to carry out a reprecipitation. 
A solid was recovered by filtration and the recovered solid 
was dried in vacuum to obtain 44 g of a vinyl compound resin 

20 represented by the formula (1) . The vinyl compound resin had 
a number average molecular weight of 993 and a weight average 
molecular weight of 1,499. 

[0034] Example 2 
25 10 g of the vinyl compound resin obtained in Example 

1 was molten, degassed and molded at 150 and then thermally 
cured at 2 00*^0 for 6 hours, to obtain a cured product. 

[0035] Example 3 
30 6 g of the vinyl compound resin obtained in Example 

1 and 0 . 6 g of IRGACURE819 (supplied by Ciba Specialty Chemicals, 
photopolymerization initiator) were dissolved in 4 g of carbitol 
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acetate to obtain a resin composition. The resin composition 
was applied to a copper-clad laminate surface with a 
screen-printing machine and then dried with an air dryer at 

80 for 30 minutes. Then a pattern film was placed thereon 
5 and the copper-clad laminate surface was exposed at 2, 000 mJ/cm^ 
using a UV irradiation device (supplied by EYE GRAPHICS 
Co., Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 
In this case, only non-exposed portions were dissolved in the 
10 methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product. A pencil mar strength (JIS K5400) of the 
resin-cured product was H. 

[0036] Measurement methods 
15 The cured product of the vinyl compound resin obtained 

in Example 2 was evaluated for properties by the following 
methods . 

Glass transition temperature (Tg) : determined 
according to a dynamic viscoelasticity measurement (DMA) . The 
20 measurement was carried out at an oscillation frequency of 10 
Hz. 

Dielectric constant and dielectric loss tangent: 
determined according to a cavity resonant oscillation method. 

Table 1 shows evaluation results of the above physical 
25 properties . 



[0037] Table 1 





Example 2 


Tg (°C) 


195 


Dielectric constant 
(IGHz) 


2.71 


Dielectric loss tangent 
(IGHz) 


0.0041 
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[0038] Example 4 

[0039] (Synthesis of bifunctional PPE oligomer compound) 

A longitudinally long reactor having a volume of 2 
5 liters and equipped with a stirrer, a thermometer, an 

air-introducing tube and baffleplates was charged with 1.3 g 
(0.012 mol) of CuCl, 70.7 g (0.55 mol) of di-n-butylamine and 
400 g of methyl ethyl ketone. The components were stirred at 

a reaction temperature of 40 °C. A solution of 45.4 g (0.16 

10 mol) of 4, 4'- (l-methylethylidene)bis (2, 6-dimethylphenol) as 
a bivalent phenol and 58.6 g (0.48 mol) of 2, 6-dimehtylphenol 
in 800 g of methyl ethyl ketone was dropwise added to the mixture 
in the reactor over 120 minutes while carrying out bubbling 
with 2L/min of air. After the completion of the addition, 

15 stirring was carried out for 60 minutes while continuing the 
bubbling with 2L/min of air. A disodium dihydrogen 
ethylenediamine tetraacetate aqueous solution was added to the 
stirred mixture to terminate the reaction. Then, washing was 
carried out with IN hydrochloric acid aqueous solution and then 

20 washing was carried out with pure water. The thus-obtained 
solution was concentrated by an evaporator and then dried under 
reduced pressure, to obtain 98.8 g of a resin represented by 
the formula (8) . The resin had a number average molecular weight 
of 845, a weight average molecular weight of 1, 106 and a hydroxyl 

25 group equivalent of 451. 

[0040] (Synthesis of vinyl compound) 

A reactor equipped with a stirrer, a thermometer and 
a reflux tube was charged with 47 g of the above resin, 26 g 
30 of chloromethylstyrene ( suppliedby Tokyo Kasei Kogyo Co . , Ltd.) , 
200 g of tetrahydrof uran, 24 g of potassium carbonate and 6 
g of 18-crown-6-ether, and the components were stirred at a 
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reaction temperature of 30 °C. The reaction was traced by a 
NMR measurement and the reaction was terminated after 6-hours 
stirring. The tetrahydrof uran was evaporated and then the 
resultant product was diluted with 200 g of toluene and then 
5 washed with pure water. An organic layer was concentrated and 
then dropwise added to methanol, to carry out a reprecipitation . 
A solid was recovered by filtration and the recovered solid 
was dried in vacuiim to obtain 40 g of a vinyl compound resin 
represented by the formula (1) . The vinyl compound resin had 
10 a number average molecular weight of 1, 015 and a weight average 
molecular weight of 1,504. 

[0041] 10 g of the vinyl compound resin was molten, degassed 

and molded at 150 ""C and then cured at 200''C for 6 hours, to 
obtain a cured product. Table 2 shows evaluation results of 

15 properties of the cured product. 

[0042] 6 g of the above vinyl compound resin was dissolved 
in 4 g of carbitol acetate and 0.6 g of Darocur 1173 (supplied 
by Ciba Specialty Chemicals, photopolymerization initiator) 
was added to the resultant solution to obtain a resin composition. 

20 The resin composition was applied to a copper-clad laminate 
surface with a screen-printing machine and then dried with an 

air dryer at 80 for 30 minutes . Then a pattern film was placed 
thereon and the copper-clad laminate surface was exposed at 
2, 000 mJ using a UV irradiation device (supplied by EYE GRAPHICS 

25 Co*, Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 
In this case, only non-exposed portions were dissolved in the 
methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product . A pencil mar strength (JIS K5400) of the 

30 resin-cured product was H. 

[0043] Example 5 
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[0044] (Synthesis of bifunctional PPE oligomer compound) 

A longitudinally long reactor having a volume of 2 
liters and equipped with a stirrer, a thermometer, an 
air-introducing tube and baffleplates was charged with 1.3 g 
5 (0.012 mol) of CuCl, 70.7 g (0.55 mol) of di-n-butylamine and 
400 g of methyl ethyl ketone. The components were stirred at 

a reaction temperature of 40 °C. A solution of 51.8 g (0.16 
mol) of 4, 4' -cyclohexylidenebis (2/ 6-dimethylphenol) as a 
bivalent phenol and 58 . 6 g (0.48 mol) of 2, 6-dimehtylphenol 

10 inSOOgof methyl ethyl ketone was dropwise added to the mixture 
in the reactor over 120 minutes while carrying out bubbling 
with 2L/min of air. After the completion of the addition,^ 
stirring was carried out for 60 minutes while continuing the 
bubbling with 2L/min of air. A disodium dihydrogen 

15 ethylenediamine tetraacetate aqueous solution was added to the 
stirred mixture to terminate the reaction. Then, washing was 
carried out with IN hydrochloric acid aqueous solution and then 
washing was carried out with pure water. The thus-obtained 
solution was concentrated by an evaporator and then dried under 

20 reduced pressure, to obtain 102.6 g of a resin represented by 
the formula ( 8 ) . The resin had a number average molecular weight 
of 87 7, a weight average molecular weight of 1,183 and a hydroxyl 
group equivalent of 477. 

25 [0045] (Synthesis of vinyl compound) 

A reactor equipped with a stirrer, a thermometer and 
a reflux tube was charged with 50 g of the above resin, 26 g 
of chloromethylstyrene (suppliedby Tokyo KaseiKogyo Co. , Ltd.) , 
200 g of tetrahydrofuran, 24 g of potassium carbonate and 6 

30 g of 18-crown-6-ether, and the components were stirred at a 

reaction temperature of 30 ^C. The reaction was traced by a 
NMR measurement and the reaction was terminated after 6-hours 
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stirring. The tetrahydrofuran was evaporated and then the 
resultant product was diluted with 200 g of toluene and then 
washed with pure water. An organic layer was concentrated and 
then dropwise added to methanol/, to carry out a reprecipitation . 
5 A solid was recovered by filtration and the recovered solid 
was dried in vacuum to obtain 42 g of a vinyl compound resin 
represented by the formula (1) • The vinyl compound resin had 
a number average molecular weight of 1, 022 and a weight average 
molecular weight of 1/533. 
10 [0046] 10 g of the vinyl compound resin was molten, degassed 

and molded at 150 °C and then cured at 200°C for 6 hours, to 
obtain a cured product. Table 2 shows evaluation results of 

properties of the cured product. 

[0047] 6 g of the above vinyl compound resin was dissolved 
15 in 4 g of carbitol acetate and 0.6 g of Darocur 1173 (supplied 
by Ciba Specialty Chemicals, photopolymerization initiator) 
was added to the resultant solution to obtain a resin composition . 
The resin composition was applied to a copper-clad laminate 
surface with a screen-printing machine and then dried with an 

20 air dryer at 80 ®C for 30 minutes . Then a pattern film was placed 
thereon and the copper-clad laminate surface was exposed at 
2, 000 m.J using a UV irradiation device (supplied by EYE GRAPHICS 
Co., Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 

25 In this case, only non-exposed portions were dissolved in the 
methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product. A pencil mar strength (JIS K5400) of the 
resin-cured product was H. 

30 [0048] Example 6 

[0049] (Synthesis of bifunctional PPE oligomer compound) 

A longitudinally long reactor having a volume of 2 

18 
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liters and equipped with a stirrer, a thermometer/ an 
air- introducing tube and baffleplates was charged with 1.3 g 
(0.012 mol) of CuCl, 70.7 g (0.55 mol) of di-n-butylamine and 
400 g of methyl ethyl ketone. The components were stirred at 

5 a reaction temperature of 40 ^C. A solution of 45.4 g (0.16 
mol) of 4, 4' -methylidenebis (2, 3, 6~trimethylphenol) as a 
bivalent phenol and 58.6 g (0.48 mol) of 2, 6-dimehtylphenol 
in 800 g of methyl ethyl ketone was dropwise added to the mixture 
in the reactor over 120 minutes while carrying out bubbling 

10 with 2L/min of air. After the completion of the addition, 

stirring was carried out for 60 minutes while continuing the 
bubbling with 2L/min of air. A disodium dihydrogen 
ethylenediamine tetraacetate aqueous solution was added to the 
stirred mixture to terminate the reaction. Then, washing was 

15 carried out with IN hydrochloric acid aqueous solution and then 
washing was carried out with pure water. The thus-obtained 
solution was concentrated by an evaporator and then dried under 
reduced pressure, to obtain 97.4 g of a resin represented by 
the formula (8) . The resin had a number average molecular weight 

20 of 852, a weight average molecular weight of 1, 133 and a hydroxyl 
group equivalent of 4 60. 

[0050] (Synthesis of vinyl compound) 

A reactor equipped with a stirrer, a thermometer and 
25 a reflux tube was charged with 48 g of the above resin, 26 g 
of chloromethylstyrene ( suppliedby Tokyo KaseiKogyo Co. , Ltd.) , 
200 g of tetrahydrofuran, 24 g of potassium carbonate and 6 
g of 18-crown-6-ether, and the components were stirred at a 

reaction temperature of 30 The reaction was traced by a 

30 NMR measurement and the reaction was terminated after 6-hours 
stirring. The tetrahydrofuran was evaporated and then the 
resultant product was diluted with 200 g of toluene and then 
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washed with pure water. An organic layer was concentrated and 
then dropwise added to methanol, to carry out a reprecipitation • 
A solid was recovered by filtration and the recovered solid 
was dried in vacuum to obtain 38 g of a vinyl compound resin 
represented by the formula (1) . The vinyl compound resin had 
a number average molecular weight of 1, Oil and a weight average 
molecular weight of 1,510. 

[0051] 10 g of the vinyl compound resin was molten, degassed 

and molded at 150 ""C and then cured at 200°C for 6 hours, to 
obtain a cured product- Table 2 shows evaluation results of 

properties of the cured product. 

[0052] 6 g of the above vinyl compound resin was dissolved 
in 4 g of carbitol acetate and 0 . 5 g of Darocur 1173 (supplied 
by Ciba Specialty Chemicals, photopolymerization initiator) 
was added to the resultant solution to obtain a resin composition . 
The resin composition was applied to a copper-clad laminate 
surface with a screen-printing machine and then dried with an 

air dryer at 80 for 30 minutes . Then a pattern film was placed 
thereon and the copper-clad laminate surface was exposed at 
2, 000 mJ using a UV irradiation device (supplied by EYE GRAPHICS 
Co., Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 
In this case, only non-exposed portions were dissolved in the 
methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product. A pencil mar strength (JIS K5400) of the 
resin-cured product was H. 

[0053] Example 7 

[0054] (Synthesis of bifunctional PPE oligomer compound) 

A longitudinally long reactor having a volume of 2 
liters and equipped with a stirrer, a thermometer, an 
air-introducing tube and baffleplates was charged with 1.3 g 
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(0.012 mol) of CuCl/ 70.7 g (0.55 mol) of di-n-butylamine and 
400 g of methyl ethyl ketone. The components were stirred at 

a reaction temperature of 40 ^C. A solution of 68.8 g (0.16 
mol) of 

5 4, 4' - [1, 4-phenylenebis (1-methylethylidene) ] bis {2,3, 6-trime 
thylphenol) as a bivalent phenol and 58.6 g (0.48 mol) of 
2, 6-dimehtylphenol in 800 g of methyl ethyl ketone was dropwise 
added to the mixture in the reactor over 120 minutes while 
carrying out bubbling with 2L/min of air. After the completion 

10 of the addition, stirring was carried out for 60 minutes while 
continuing the bubbling with 2L/min of air . Adisodiumdihydrogen 
ethylenediamine tetraacetate aqueous solution was added to the 
stirred mixture to terminate the reaction. Then, washing was 
carried out with IN hydrochloric acid aqueous solution and then 

15 washing was carried out with pure water. The thus-obtained 
solution was concentrated by an evaporator and then dried under 
reduced pressure, to obtain 114.6 g of a resin represented by 
the formula ( 8 ) . The resin had a number average molecular weight 
of 934, a weight average molecular weight of 1, 223 and a hydroxyl 

20 group equivalent of 4 96. 

[0055] (Synthesis of vinyl compound) 

A reactor equipped with a stirrer, a thermometer and 
a reflux tube was charged with 52 g of the above resin, 26 g 
25 of chloromethylstyrene ( suppliedby Tokyo KaseiKogyo Co. , Ltd.) , 
200 g of tetrahydrofuran, 24 g of potassium carbonate and 6 
g of 18-crown-6-ether, and the components were stirred at a 

reaction temperature of 30 ^C. The reaction was traced by a 
NMR measurement and the reaction was terminated after 6-hours 
30 stirring. The tetrahydrofuran was evaporated and then the 

resultant product was diluted with 200 g of toluene and then 
washed with pure water. An organic layer was concentrated and 
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then dropwise added to methanol, to carry out a reprecipitation* 
A solid was recovered by filtration and the recovered solid 
was dried in vacuiim to obtain 44 g of a vinyl compound resin 
represented by the formula (1) • The vinyl compound resin had 
5 a number average molecular weight of 1, 107 and a weight average 
molecular weight of 1,651. 

[0056] 10 g of the vinyl compound resin was molten, degassed 

and molded at 150 °C and then cured at 200°C for 6 hours, to 
obtain a cured product. Table 2 shows evaluation results of 

10 properties of the cured product, 

[0057] 6 g of the above vinyl compound resin was dissolved 
in 4 g of carbitol acetate and 0.6 g of Darocur 1173 (supplied 
by Ciba Specialty Chemicals, photopolymerization initiator) 
was added to the resultant solution to obtain a resin composition . 

15 The resin composition was applied to a copper-clad laminate 
surface with a screen-printing machine and then dried with an 

air dryer at 80 °C for 30 minutes. Then a pattern film was placed 
thereon and the copper-clad laminate surface was exposed at 
2, 000 mJ using a UV irradiation device (supplied by EYE GRAPHICS 

20 Co., Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 
In this case, only non-exposed portions were dissolved in the 
methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product. A pencil mar strength (JIS K5400) of the 

25 resin-cured product was H. 

[0058] Example 8 

[0059] (Synthesis of bifunctional PPE oligomer compound) 

A longitudinally long reactor having a volume of 2 
30 liters and equipped with a stirrer, a thermometer, an 

air- introducing tube and baffleplates was charged with 1.3 g 
(0.012 mol) of CuCl, 70.7 g (0.55 mol) of di-n-butylamine and 
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400 g of methyl ethyl ketone. The components were stirred at 

a reaction temperature of 40 ^C. A solution of 41.0 g (0.16 
mol) of 4, 4' -methylenebis (2, e-dimethylphenol) as a bivalent 
phenol and 58.6 g (0.48 mol) of 2 , 6-dimehtylphenol in 800 g 
5 of methyl ethyl ketone was dropwise added to the mixture in 
the reactor over 120 minutes while carrying out bubbling with 
2L/min of air. After the completion of the addition^ stirring 
was carried out for 60 minutes while continuing the bubbling 
with 2L/min of air. A di sodium dihydrogen ethylenediamine 

10 tetraacetate aqueous solution was added to the stirred mixture 
to terminate the reaction. Then, washing was carried out with 
IN hydrochloric acid aqueous solution and then washing was 
carried out with pure water. The thus-obtained solution was 
concentrated by an evaporator and then dried under reduced 

15 pressure, to obtain 94 . 6 g of a resin represented by the formula 
(8) . The resin had a number average molecular weight of 801, 
a weight average molecular weight of 1, 081 and a hydroxyl group 
equivalent of 455. 

20 [0060] (Synthesis of vinyl compound) 

A reactor equipped with a stirrer, a thermometer and 
a reflux tube was charged with 48 g of the above resin, 26 g 
of chloromethylstyrene ( supplied by Tokyo Kasei Kogyo Co . , Ltd.), 
200 g of tetrahydrof uran, 24 g of potassium carbonate and 6 

25 g of 18-crown-6-ether, and the components were stirred at a 

reaction temperature of 30 *^C. The reaction was traced by a 
NMR measurement and the reaction was terminated after 6-hours 
stirring. The tetrahydrof uran was evaporated and then the 
resultant product was diluted with 200 g of toluene and then 
30 washed with pure water. An organic layer was concentrated and 
then dropwise added to methanol, to carry out a reprecipitation . 
A solid was recovered by filtration and the recovered solid 
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was dried in vacuum to obtain 39 g of a vinyl compound resin 
represented by the formula (1) . The vinyl compound resin had 
a number average molecular weight of 98 8 and a weight average 
molecular weight of 1,420. 
5 [0061] 10 g of the vinyl compound resin was molten, degassed 

and molded at 150 ®C and then cured at 200^C for 6 hours, to 
obtain a cured product. Table 2 shows evaluation results of 

properties of the cured product. 

[0062] 6 g of the above vinyl compound resin was dissolved 
10 in 4 g of carbitol acetate and 0.6 g of Darocur 1173 (supplied 
by Ciba Specialty Chemicals, photopolymerization initiator) 
was added to the resultant solution to obtain a resin composition . 
The resin composition was applied to a copper-clad laminate 
surface with a screen-printing machine and then dried with an 

15 air dryer at 80 for 30 minutes . Then a pattern film was placed 
thereon and the copper-clad laminate surface was exposed at 
2, 000 mJ using a UV irradiation device (supplied by EYE GRAPHICS 
Co., Ltd. : UB0151, light source: metal halide lamp) . After the 
exposure, development was carried out with methyl ethyl ketone. 

20 In this case, only non-exposed portions were dissolved in the 
methyl ethyl ketone, to obtain a development pattern of a 
resin-cured product . A pencil mar strength (JIS K5400) of the 
resin-cured product was H. 

25 [0063] Table 2 shows evaluation results of physical 
properties of the above resin-cured products. 
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[0064] Table 2 





Example 4 


Example 5 


Example 6 


Example 7 


Example 8 




Cured 

product 


Cured 
product 


Cured 
product 


Cured 
product 


Cured 
product 


Tg {''C) 


188 


192 


190 


202 


191 


Dielectric 
constant 
(IGHz) 


2.80 


2.82 


2.79 


2.80 


2.78 


Dielectric 
loss 
tangent 
(IGHz) 


0.0055 


0.0053 


0.0053 


0.0054 


0.0052 
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